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D e p a r t m e n t  o f  O c e a n o g r a p h y ,  F l o r i d a  S t a t e  U n i v e r s i t y ,  T a l l a h a s s e e ,  F L  3 2 3 0 6 ,  U S A ,  
B o t h  t e r r e s t r i a l  a n d  m a r i n e  f o r c e s  d r i v e  u n d e r g r o u n d  f l u i d  f l o w s  i n  t h e  c o a s t a l  z o n e .  H y d r a u l i c  g r a d i e n t s  o n  
l a n d  r e s u l t  i n  g r o u n d w a t e r  s e e p a g e  n e a r  s h o r e  a n d  m a y  c o n t r i b u t e  t o  f l o w s  f u r t h e r  o u t  o n  t h e  s h e l f  f r o m  
c o n f i n e d  a q u i f e r s .  M a r i n e  p r o c e s s e s  s u c h  a s  t i d a l  p u m p i n g  a n d  c u r r e n t - i n d u c e d  t o p o g r a p h i c  f l o w  m a y  
o c c u r  a n y w h e r e  o n  t h e  s h e l f  w h e r e  p e r m e a b l e  s e d i m e n t s  a r e  p r e s e n t .  T h e  t e r r e s t r i a l  a n d  o c e a n i c  f o r c e s  
o v e r l a p  s p a t i a l l y  a n d  t h u s  m e a s u r e d  f l u i d  f l o w  t h r o u g h  c o a s t a l  s e d i m e n t s  m a y  b e  a  r e s u l t  o f  c o m p o s i t e  
f o r c i n g .  W e  t h u s  d e f i n e  " s u b m a r i n e  g r o u n d w a t e r  d i s c h a r g e "  ( S G D )  a s  a n y  f l o w  o u t  a c r o s s  t h e  s e a b e d ,  
r e g a r d l e s s  o f  c o m p o s i t i o n  o r  d r i v i n g  f o r c e .  T h i s  p r o c e s s  i s  o f t e n  c h a r a c t e r i z e d  b y  l o w  s p e c i f i c  f l o w  r a t e s  
t h a t  m a k e  d e t e c t i o n  a n d  q u a n t i f i c a t i o n  d i f f i c u l t .  H o w e v e r ,  b e c a u s e  s u c h  f l o w s  ( b o t h  r e c h a r g e  a n d  
d i s c h a r g e )  o c c u r  o v e r  l a r g e  a r e a s ,  t h e  t o t a l  f l u x  i s  s i g n i f i c a n t .  " G r o u n d w a t e r "  i s  t h u s  a n  i m p o r t a n t  s o u r c e  o f  
b i o g e o c h e m i c a l l y  i m p o r t a n t  c o n s t i t u e n t s  t o  c o a s t a l  w a t e r s .  W h e n  d e r i v e d  f r o m  l a n d ,  g r o u n d w a t e r - s e a w a t e r  
i n t e r a c t i o n s  r e p r e s e n t  a  p a t h w a y  f o r  n e w  m a t e r i a l  f l u x e s  t o  t h e  c o a s t a l  z o n e  a n d  m a y  r e s u l t  i n  d i f f u s e  
p o l l u t i o n  i n  a r e a s  w h e r e  c o n t a m i n a t e d  g r o u n d w a t e r s  o c c u r .  
O n e  o f  t h e  m a i n  o b j e c t i v e s  o f  t h e  Y e l l o w  R i v e r  P r o j e c t  i s  t o  q u a n t i f y  t h e  e x c h a n g e  b e t w e e n  t h e  r i v e r  a n d  t h e  
B o - H a i  S e a .  A n  i m p o r t a n t  p a r a m e t e r  i n  s u c h  a n  e f f o r t  i s  t o  c h a r a c t e r i z e  t h e  m i x i n g  b e t w e e n  t h e  e s t u a r y  a n d  
t h e  o c e a n i c  w a t e r s .  T h i s  c a n  b e  d o n e  b y  a n a l y s i s  o f  n a t u r a l  r a d i u m  i s o t o p e s ,  e s p e c i a l l y  2 2 3
R a  
a n d  2 2 4 R a  t h a t  
h a v e  h a l f - l i v e s  ( 3 . 6 6  d  a n d  1 1 . 4  d ,  r e s p e c t i v e l y )  o n  t h e  s a m e  t i m e  s c a l e  a s  m i x i n g  r a t e s  i n  m a n y  n e a r - s h o r e  
e n v i r o n m e n t s .  T h i s  a p p r o a c h  w o r k s  b e c a u s e  t h e r e  a r e  s o u r c e s  o f  t h e  i s o t o p e s  i n  t h e  n e a r - s h o r e  w a t e r s  f r o m  
t h e  r i v e r  a n d  p o s s i b l y  f r o m  S G D  a n d  t h e r e  s h o u l d  b e  a l m o s t  n o n e  i n  t h e  o p e n  s e a  a w a y  f r o m  t h e s e  s o u r c e s  
( F i g .  1 ) .  
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F i g u r e  1 .  D i a g r a m m a t i c  v i e w  o f  h o w  n a t u r a l  s h o r t - l i v e d  r a d i u m  i s o t o p e s  ( d a u g h t e r s  o f  t h o r i u m  i s o t o p e s  
c o n c e n t r a t e d  i n  t h e  s e d i m e n t )  c a n  b e  u s e d  t o  q u a n t i f y  m i x i n g  b e t w e e n  c o a s t a l  a n d  o f f s h o r e  
w a t e r s .  
A  r e s i d e n c e  t i m e  ( a v e r a g e  l e n g t h  o f  t i m e  t h e  w a t e r  r e m a i n s  i n  t h e  s y s t e m )  m a y  b e  c a l c u l a t e d  i f  t h e  i n i t i a l  
i s o t o p i c  c o m p o s i t i o n  i s  k n o w n  a n d  a s s u m e d  t o  b e  c o n s t a n t .  I n  p r a c t i c e ,  t h e  s a m p l i n g  u s u a l l y  c o n s i s t s  o f  a  
t r a n s e c t  o r  a  s e r i e s  o f  t r a n s e c t s  e x t e n d i n g  f r o m  t h e  r i v e r  e n d - m e m b e r  ( 0  0 / 0 0  s a l i n i t y )  o u t  t o  s e a  t o  c o v e r  t h e  
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entire salinity profile. Because of the highly seasonal discharge of the Yellow River, the length of such a 
transect will vary tremendously. Once the samples are collected and the measurements made, a residence 
time can be estimated from the following equation: 
224 223 ( 224 Ra J e -A-,,,T 
Raobs = Raobs ~ .--Ra . e-A-,,,T 
I 
where T is the residence time in days, (224Ra/223Ra)i is the initial isotopic ratio, and 224 and 223 are the 
decay constants of the respective isotopes of radium. To illustrate this approach, a data set from a sampling 
off eastern Long Island (New York) is shown below (Fig. 2). 
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Figure 2. Activity of 224Ra versus 223Ra for 12 samples collected in a line away from an area of activity 
groundwater seepage near Shelter Island, eastern Long Island, NY. Based on the trend in the 
data, the residence time should be in the range 4.0 to 7.2 days (95% confidence interval). 
Submarine groundwater discharge is an overlooked process that may have several linkages to real-world 
coastal problems. It is not an easy process to study and should be approached in a systematic, concentrated 
manner. Such studies should be integrated with land use and other coastal investigations to discern the 
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Figure 3. Linkages between land use, coastal aquifers, and the ocean. Effects measured in the 
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ocean may be consequence of activities in the interior with a groundwater pathway. 
An IUGG Inter-Association Commission on "Groundwater-Seawater Interactions" combining scientific 
talents from the International Association of the Physical Sciences of the Ocean (IAPSO) and the 
International Association of Hydrological Sciences (IAHS) was formally organized in 2001 to help facilitate 
and coordinate research in this highly interdisciplinary subject. The joint commission plans to coordinate 
activities relating to this subject, organize workshops and symposia, participate in the planning and execution 
of various types of research, and actively engage scientists from developing countries. 
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